Wastewater from the leather tannery industry contains high concentrations of heavy metals, especially chromium, as well as high values of inorganic nutrients and organic matter which, if not treated prior to discharge, may alter the quality of surface water bodies. As an alternative treatment to these industrial effluents, we propose the use of microalgae, due to their ability to remove contaminants. This study evaluates the growth of the microalga Scenedesmus sp. in three different dilutions of wastewater (20%, 50%, and 100%) at a tannery in Bogotá, Colombia, for a period of 15 days. We assess the removal of hexavalent chromium, nutrients (nitrites, nitrates, phosphates and sulfates), and Biochemical Oxygen Dilution (BOD). Results indicate a growth of Scenedesmus proportional to the dilution of the effluent, with greater biomass in undiluted wastewater. This biomass achieved the removal of Cr+6 (>98%), nitrates (>90%) and phosphates (>99%), and BOD (>88%) which can be attributed to a shared microalgae-bacteria effect. Thus, we conclude that the microalgae Scenedesmus sp. Used the waste effluent as a growth substrate, improving its effect during a phycoremediation process.
Introduction
The transformation of leather occurs at a place known as a tannery. This process consists of several steps in which raw materials and inputs that may affect the environment are used [1] . Water is generated during the industrial process which has a significant amount of degradable organic waste, such as fats and proteins, but also a significant amount of inorganic contaminants and heavy metals, especially hexavalent chromium (VI), which is highly toxic to living beings [1] [2] . Various physicochemical methods such as filtration [3] or precipitation [4] have been used to treat wastewater from tanneries, some of which seek the recovery of chromium so that it can be used again during the process. Other methods for chromium removal or recovery in industrial effluent include ion exchange [5] , the use of membranes [6] , and adsorbent materials such as activated carbon [7] . These types of technology or methods have proven to be efficient, but have the disadvantage of requiring high investment and operating costs and are thus unfeasible, particularly in underdeveloped or developing countries such as is the case of Colombia.
Unlike these technologies, the use of microorganisms to treat these industrial effluents seems to be a promising field, since on the one hand it achieves the reduction of polluting compounds and on the other generates biomass, which can be used in different processes biotechnology. Within this category, the use of microalgae has attracted the most attention [8] , due to its ability to reduce the concentration of inorganic nutrients such as nitrogen and phosphorus [9] [10] [11] and decrease the concentration of dissolved heavy metals such as mercury [12] , cadmium and copper [13] , lead [14] , aluminum [15] , and chromium [2] . Likewise, microalgal biomass can be used in the production of biofuels such as biodiesel [16] [17], bioethanol [17] [18] , and biogas [19] [20] , as well as in the production of different products of industrial and commercial interest [21] [22] .
The aim of the present study is to evaluate the growth of the microalgae Scenedesmus sp. at different dilutions in tannery wastewater, determining the extent of the removal of inorganic nutrients (NO 3-, NO 2-, PO4 3-y SO4 2-), organic load such as BOD, and heavy metals (total chromium, hexavalent chromium, lead and cadmium)
Materials And Methods

Sample collection
The wastewater sample was collected in a single tannery located in the San Benito neighborhood of Bogotá, Colombia. It was taken from grease trap effluent before it entered a chemical treatment plant, and therefore consisted of a pre-treated mixture of waters from the different processes in the industry. Sample collection was carried out with one-liter amber bottles, which were refrigerated during transport to the laboratory. Once there, the sample was subdivided into four: one for heavy metal analysis, a second to determine the biochemical oxygen demand (BOD), a third for physicochemical characterization, and a final sample for microalgal growth experiments. The sample for the determination of heavy metals was adjusted to a pH of 2 with nitric acid and stored at 4°C until processing. The remaining samples were processed immediately.
Sample characterization
The sample obtained in the tannery was physicochemically characterized in order to evaluate the initial conditions. The parameters evaluated were conductivity (WTW COND 7310), pH (THERMO SCIENTIFIC STAR A211), and dissolved oxygen (WTW OXI 3310 SET 1). We additionally measured concentrations of nitrites, nitrates, sulfates, phosphates, and hexavalent chromium by UV/Visible spectrophotometry (HACH DR6000 Spectrometer), Nitrites (Diazotization USEPA method), Sulfate (USEPA 375.4 method), Phosphates (ascorbic acid USEPA 4500-P-E method) and hexavalent chromium (1,5-Diphenilcarbohydrazide USEPA method). Meanwhile, the concentrations of total chromium, aluminum, cadmium, and lead were analyzed by flame atomic absorption (ContrAA700) over a previously digested sample, following Standard Methods 3111B and 3111D, and BOD by incubation for 5 days (BOD5).
Microalgae cultivation and the start of the experiment
Initially, Scenedesmus sp. was isolated through a series of dilutions and plate seeding from a Bogota wetland sample and kept in Bold Basal Medium (BBM) under controlled conditions of light and temperature (12:12h and ~20°C). Each liter of BBM contained NaNO3 2.50 g *100 mL -1 , MgSO4 0.75 g *100 mL -1 , NaCl 0.25 g *100 mL -1 , K2HPO4 0.75 g *100 mL -1 , KH2PO4 1.75 g *100 mL -1 , CaCl2* 2H2O 0.25 g *100 mL -1 , H3BO3 1.14 g *100 mL
The experiment involved evaluating the growth of Scenedesmus sp. in three different concentrations of the wastewater: 100%, 50%, and 20% (V/V). Each treatment was performed three times. To do so, the effluent was diluted with distilled water and placed in 600mL bottles, into which we added a 500 mL volume of dry culture with an approximate concentration of 106 cells/ml (the volume was previously centrifuged at 5000 rpm for 5 min, the overlaying substance was disposed of and the pellet was added to the wastewater). These treatments were maintained in cycles of 16/8 h light and a temperature of <20°C. A control was performed, in which the wastewater without microalgae addition was kept under the same conditions. The bottles were kept lightly closed in order to avoid loss by evaporation and no volume restitution was performed. We performed daily spectrophotometric measurements of optical density (absorbance at 660 nm) for a period of 15 days, in order to estimate growth [23] . In order to do this after each treatment a 15 ml sample was taken after a previous agitation of the bottles. These bottles were set on quartz cells in order to obtain the spectrometer reading. In order to estimate the microalgal biomass from the optical density values, dilutions from a concentrated culture from the Scenedesmus microalgae were performed, so different concentrations of the microalgae were obtained.
From each dilution the optical density and dry weight were obtained. For this last step, a 100 ml volume was filtered from each dilution over cellulose filters, previously weighted and put to dry in an oven at 60 ºC for 24 hours. After this, the filters were weighted and the dry weight was determined as the before-after weight difference. Finally, the optical density values were related to each of the microalgal biomass concentration dry weight ( Figure 1 ) and the obtained relation was used to estimate the biomass values in the different experiments.
At the end of the 15-day period, we proceeded to centrifuge each bottle (5000 rpm for 5 min) in order to harvest the biomass of Scenedesmus sp., which was frozen for subsequent studies. Meanwhile, the supernatant (treated wastewater) for each concentration was collected and characterized in order to compare the initial conditions to the final conditions. The percentage of removal for each parameter was determined according to the following formula:
Where R is the percentage of removal, Co the initial concentration of the parameter, and Cf the final concentration.
Statistical analysis
Due to the lack of normality in the data, we used a nonparametric analysis, the Kruskal-Wallis test (96% confidence level), using the SPSS statistical package, to test the significance of the possible growth differences observed between the different dilutions of wastewater used. 
Results And Discussion
Effect of the dilution of tannery wastewater on growth
The growth of Scenedesmus sp. at three dilutions of wastewater can be seen in Figure 2 . Significant differences in the growth of microalgae were evident (P <0.05), with respect to the treatment, obtaining higher values of biomass in undiluted water (100%), followed by 50% dilution, and finally lower growth in the 20% concentration. During the experiment, the biomass was not observed to enter a stationary phase, indicating that the waste effluent nutrients allowed the growth during the 15 days of the experiment. Additionally, bacteria already present in the water are expected to degrade organic matter and recirculate nutrients, which can prolong the exponential growth phase of the microalgae [24] . We should also point out that Scenedesmus did not present a latency phase, especially in the 50 and 100% dilutions, increasing rapidly its biomass during the first 24 hours of the experiment.
These results are compared with those reported by Ajayan, et al. [2] , who found greater growth in intermediate dilutions (25 and 50%) of tannery water in India, attributing it to high concentrations of heavy metals present in the undiluted water.
Similarly, Balaji et al. [23] found an effect of the concentration of various heavy metals in tannery effluent, such as chromium, lead, and cadmium, on the growth of the microalga Spirulina, demonstrating an inhibition of biomass at larger quantities of heavy metals. Nonetheless, the effect of metals in our study was not as clear. This is because an increase in biomass of approximately 0.15 mg throughout the treatment was observed (Figure 1 ). During the sixth day, a fall was observed in the three concentrations which can be attributed to a possible methodological error upon doing the 660nm absorbance reading.
The presence of inorganic nutrients also exert a direct effect on the growth of microalgae. The effluent used had the presence of nitrates and phosphates (Table 1) , both utilizable by the microalgae, which allowed growth during the time of experimentation, while being reduced in concentration, primarily in undiluted water (100%). These characteristics of industrial wastewater and the effect on the growth of microorganisms are widely recognized [8, 9, 27, 28] and have led many to examine their potential as alternative substrates for growth, with the aim of reducing the costs of biomass production for biotechnological processes. [21] [29] [30] .
Effect of treatment on the physicochemical properties of tannery water
To assess the changes in the properties of tannery wastewater as a result of the microalgae treatment, we used 100% concentration because it allowed for the highest growth of Scenedesmus sp. (Figure 2 ). The initial and final values of the different evaluated parameters can be seen in Table 1 . Chromium, both total and in hexavalent form (Cr +6 ), was the prominent heavy metal in the wastewaters, having initial concentrations of 5.055 and 0.613 mg/L respectively. These concentrations were reduced to 4.687 mg/L and <0.010 mg/L after 15 days of treatment, which gives removal percentages of 8% for total chromium and 98% for Cr +6 .
Absorbancia (660nm)
Other metals such as cadmium and lead were present at concentrations below the detection limits of the technique implemented. The removal percentages obtained in this study are similar to those reported by other authors [2] [31], and except for total chromium, is within the legal limits established by the 0631 resolution of 2015 for Colombia.
Although there was an almost complete removal of Cr +6 by microalgae, the reduction of total chromium was minimal, which seems to indicate that the influence of Scendesmus sp. is mainly on the hexavalent form of the metal. Han et al. [32] reported the processes of biosorption and bioreduction on Cr +6 by the microalgae Chlorella miniata.
They describe a Cr +6 adsorption by the microalgae and its subsequent reduction to Cr +3 , which can be released to the medium or maintained in the biomass. It is therefore possible that Scenedesmus sp. performs the adsorption process on the Cr +6 but does not do so in the same way on the Cr
+3
. Similarly, the presence of other microorganisms could exert some influence, since the role bacteria can play in reductions of Cr +6 to Cr +3 has been documented [33] . While the direct effect of the microalgae on the concentration of chromium seems to be evident, it may also be indirect. The process of alkalization of the medium which produces microalgal growth is well-known. This can decrease the solubility of heavy metals, leading them to react with hydroxides present and finally precipitate [34] [35].
Additionally, the study showed a decrease in the concentration of evaluated nutrients over the course of the treatment ( Table 1 ). The nitrites and nitrates had an initial concentration of 187 mg/L and 44.6 mg/L respectively, which was reduced to <2 mg/L and <0.4 mg/L, equivalent to approximate removal percentages of 98% and 90%. The phosphates and sulfates displayed similar behavior, with removals of 99% and 92% respectively.
The ability of microalgae to remove inorganic nutrients in wastewater is a widely studied phenomenon. Elimination rates higher than 90% have been reported [8] [9] [28] [36] [37] [38] . These nutrients are rapidly metabolized by the microalga, and nitrogen can be assimilated as ammonia or nitrates and transformed into organic nitrogen [36] . Likewise, the phosphor in the form of phosphate (H2PO4 -o HPO4 2-) is used by the cell for the production of phospholipids, nucleic acids, and adenosine triphosphate (ATP), the latter essential to all cellular processes [40] . In addition, microalgae derived from photosynthetic activity that generates pH changes can promote the precipitation of the phosphorus and nitrogen [35] .
The biochemical oxygen demand is one of the principal parameters when assessing the characteristics of wastewater. In the tannery water used in the present study, the initial BOD5 value was 17363 mg/L which was reduced during treatment with Scenedesmus sp. to 2085 mg/L, showing a percentage removal of 88%, higher than reported in the work of Ajayan et al. [2] for tannery waters with microalgae of the genus Scenedesmus. Although the main protagonists of the degradation of organic matter are bacteria, there is evidence of reduced BOD by microalgae [35] .
On the one hand, photosynthesis generates significant amounts of oxygen which can be used by heterotrophic organisms for the oxidation of organic material [41] [42] . On the other hand, certain microalgae are known to have mixotrophic capacity, and can combine their photoautotrophic metabolism with the absorption of dissolved organic matter as an additional or complementary source of carbon for growth [43] [44].
Conclusions
In light of the above results, one can conclude that Scenedesmus sp. exhibited a clear remedial role over the tannery water, which makes it a potential alternative to complement traditional secondary wastewater treatments.
A highlight of this work is that we observed that the microalgae can grow better in undiluted wastewater, which could facilitate effluent treatment and would avoid the use of water as a dilutant.
Alternately these effluents could be used as alternative substrates for the growth of photoautotrophic microorganisms, which would generate a positive impact on the total costs of biomass production at large scales. However, further research is necessary to evaluate the biotechnological potential of this biomass, which has a high load of heavy metals and other highly polluting substances, as well as evaluating the response of other microalgal species, in order to determine whether our results can be generalized or are species-specific.
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